Exposureto certain volatileorganiccompounds (VOC5) commonly occurs in industrializedcountries. We developed a method for measuring 32 VOCs in 10 mL of whole blood at low concentration. We used this method to determine the internal dose of these compounds in 600 or more people in the US who participated in the Third National Health and Nutrition Examination Survey. From our study results, we established a reference range for these VOCs in the general population of the US. We found detectable concentrations of 1,1,1-trichloroethane, 1,4-dichlorobenzene, 2-butanone, acetone, benzene, chloroform, ethylbenzene, m,p-xylene, styrene, tetrachloroethene, and toluene in most of the blood samples of nonoccupationally exposed persons. The accuracy of VOC evaluations depends on the ability of investigators to make sensitive and reproducible measurementsof low concentrations of VOCs and to eliminateall sources of interference and contamination. 
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Tobacco smoke is a common source of volatile organic compounds (VOCs), but VOCs are also present in many synthetic products in daily use.2 Building materials, home furnishings, clothing, and other consumer products contribute to increased VOC concentrations in people. Humans are exposed regularly to these compounds, but since the half-lives of the compounds in humans are very short (1, 2), they 
exposures.
By comparing this reference range with the VOC concentrations of groups with suspected low levels of exposure, we were able to distinguish exposed persons from nonexposed persons.
MaterIals and Methods
The method used for measuring VOCs in a large sample population has been described elsewhere (3) and only a summary of the key details is given here.
Apparatus. by examining retention times and full-scan spectra and then comparing these times and spectra to those of standard compounds. Blanks, standards, and quality-control materials were included in each analytical run to ensure analytical stability, the maintenance of sensitivity, and the absence of contamination.
Detection limits for the analytes reported in this study were generally in the low parts-per-trillion range (3). (1,  2) , the presence of these compounds in the air people breathe immediately before samples are collected can have a significant impact on the concentration of VOCs in the blood. We tested this possible confounder by comparing blood VOC concentrations in a group of nonsmoking volunteers before they entered the NHANES III vans with their blood VOC concentrations after they had been in the vans for 3 h. The results of this investigation are given in Table 3 . The last colunm in this table shows the probability that the mean of the difference between the paired measurements is significantly different from zero.
Results
Only for benzene are the results significant at the 0.05 level; the benzene concentrations were higher before people entered the van than they were afterward. the results of that study were significantly higher than those found in the present work; moreover, some of the analytes that Antoine et al. reported they had found at measurable concentrations in human blood were not detectable in our study. However, the concentrations that they reported are similar to the concentrations that we obtained in preliminary studies with unprocessed commercial
Vacutainer
Tubes. We measured significant concentrations of methylene chloride (dichioromethane) and bromoform in blood collected in unprocessed Vacutainer Tubes, but these analytes were no longer detectable after the tubes were decontaminated.
The lack of Vacutainer cleanup is a Table 4 . Blood concentrations (ppb) of selected VOCs in occupants of a building with Increased indoor air concentrations of some VOCs (marked*). and tetrachioroethene in the blood of 39 normal subjects without known occupational exposure to VOCs. They were able to quantify these compounds in 60%-95% of the subjects examined, a percentage in good agreement with our results, even though their detection limits were generally an order of magnitude higher than ours. The mean blood concentrations they found were higher than those we found and may have resulted from differences in the sample collection procedure. Theirs was a limited sample population that did not provide enough information to establish a reference range.
BuIlding occupants (n
In a series of studies (6) (7) (8) (9) , Brugnone et al. examined the concentration of benzene, and in some cases of toluene and styrene, in a nonoccupationally exposed population. Results of their latest study (9) showed that the mean blood benzene concentration of 431 subjects was 0.262 ppb. This result is double the mean concentration found in our study. The mean blood concentrations of styrene and toluene reported by these researchers are also substantially higher than those determined in our study. It is not clear whether these discrepancies are due to differences in populations examined, sample collection procedures, or some unknown effects.
Angerer et al. (10) measured
benzene concentrations in the blood of eight nonsmokers and two smokers by using dynamic head space chromatography with flame ionization detection. They gave particular attention to preventing contamination and reported mean blood benzene concentrations in these small populations of 0.176 ppb for nonsmokers and 0.211 ppb for smokers. These results agree well with the mean of 0.13 ppb found in the population we studied, especially considering the differences between the two populations. The results given in Table 3 confirm the effectiveness of the precautions that we took to prevent results from being biased by exposing study subjects to the microenvironment of the van. Benzene was the only analyte for which we found a significant difference between samples taken before and after people entered the van; that difference showed lower blood benzene concentrations in the samples taken after people had been in the van for 3 h. In this investigation, the volunteers were transported by automobile to the study site before the initial sampling was performed.
Their exposure to benzene from automobile exhaust during this step could have transiently raised their blood benzene concentrations, thus accounting for the differences seen here. Further investigation is required to test this hypothesis. The results of the exposure investigation reported in Table 4 illustrate the use of the VOC reference range in investigating low concentration exposure. In this study of indoor air exposure, only some of the compounds that were present at measurable concentrations in the air were also found at increased concentrations in the blood of study participants.
Differences
in the nature of the exposure and in typical background exposure to these compounds account for the dissimilarity in individual VOC blood concentrations.
In this case, the air concentrations of 1,1,1-trichloroethane and trichloroethene varied widely between sampling sites within the building, indicating the presence of specific point sources of these compounds.
Thus, exposure of these building cccupants to 1,1,1-trichioroethane and trichloroethene was atypical of indoor air exposure and resulted in blood concentrations higher than those seen in the reference US population. In contrast, air concentrations of toluene, m,p-xylene, and o-xylene did not show any spatial differences. This finding suggests that there was a more widespread background exposure for toluene, m,p-xylene, and o-xylene, which are all commonly found in commercial products. Thus, regular exposure to these compounds, through the air results in residual blood concentrations.
Only in cases in which the environmental exposure is substantially greater than typical background exposure can detectable changes be identified and related to exposure. In a separate study (Etzel RA, manuscript in preparation) we report measurements of blood concentrations of VOCs from persons residing in Kuwait during the oil fire crisis in 1991. Separate studies were performed on residents of Kuwait City and on firefighters.
The concentrations of some of these analytes (1,1,1-trichloroethane, 1,4-dichlorobenzene, 2-butanone, and acetone) were not significantly different from the reference ranges given in Table 1 In summary, by using an analytical method specifically designed to measure background concentrations of VOCs in blood, we have been able to determine a reference range for 11 of these compounds in a nonoccupationally exposed US population.
We then applied these results to cases of exposure to VOCs, thus illustrating their usefulness in identifying exposure. Careful attention to sensitivity and prevention of contamination are required to identify low-level VOC exposure.
